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EXAMINER'S AMENDMENT 



1 . An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1 .312. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

2. Authorization for this examiner's amendment was given in a telephone interview with 
Mr. Rob Sokohl Reg # 36,013 on 1 1/02/2006. 



3. The application has been amended as follows: 

1. (Amended) An angle rotator for rotating an arbitrary input complex number to 
produce a rotated complex number according to an input angle 0, said angle rotator comprising: 

a memory that stores a sin 0m value and a cos 0m value, wherein 0m is a coarse 
approximation to said input angle 0; 

a first digital circuit that receives a digital signal wherein a component of said 
digital signal is represented by the arbitrary input complex number, wherein said first digital 
circuit performs a coarse rotation on said the arbitrary input complex number based on said sin 
0 M value and said cos 0m value, resulting in an intermediate complex number; 

a fine adjustment circuit that generates a fine adjustment value based on a 0l 
value, wherein 0l= 0 - 0m; and 

a second digital circuit that performs a fine rotation on said intermediate complex 
number based on said fine adjustment value, resulting in the rotated complex number , wherein 
at least one component of the rotated complex number is used to generate a signal . 



3. (Amended) The angle rotator of claim 1, wherein said first digital circuit is a butterfly 
circuit having a plurality of multipliers that multiply said the input complex number by said sin 
0m value and said cos 0m value. 
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9. (Amended) An angle rotator for rotating an arbitrary input complex number to 
produce a rotated complex number according to an input angle 0, said angle rotator comprising: 

a memory that stores one or more values that are indexed by a most significant 
word (MSW) of said input angle, including a first value that is an approximation of a sin 0 M 
value, and a second value that is an approximation of a cos 9m value, wherein 0 M is a radian 
angle that corresponds to said MSW of the input angle, and 

one or more error values that represent one or more quantization errors associated 
with at least one of said first value and said second value; 

a first digital circuit that receives a digital signal wherein a component of said 
digital signal is represented by the arbitrary input complex number, wherein said first digital 
circuit performs a coarse rotation on said the arbitrary input complex number based on said first 
value and said second value, resulting in an intermediate complex number; and 

a second digital circuit that performs a fine rotation on said intermediate complex 
number based on said one or more error values, resulting in the rotated complex number^ 
wherein at least one component of the rotated complex number is used to generate a signal . 



15. (Amended) The angle rotator of claim 14, wherein said bit storage capacity is N/3 + 
1 bits, wherein N is a number of bits that represent a real part of said the input complex number. 



16. (Amended) An angle rotator for rotating an input complex number to produce a 
rotated complex number according to an input angle 0, said angle rotator comprising: 

a memory that stores one or more values that are indexed by a most significant 
. word (MSW) of said input angle, including a first value that is an approximation of a sin 0 M 
value, and a second value that is an approximation of a cos 0m value, wherein 0 M is a radian 
angle that corresponds to said MSW of the input angle, and 

one or more error values that represent one or more quantization errors associated 
with at least one of said first value and said second value; 

a first digital circuit that receives a digital signal wherein a component of said 
digital signal is represented by the input complex number, wherein said first digital circuit 
performs a coarse rotation on said the input complex number based on said first value and said 
second value, resulting in an intermediate complex number; and 

a second digital circuit that performs a fine rotation on said intermediate complex 
number based on said one or more error values, resulting in the rotated complex number, 
wherein at least one component of the rotated complex number is used to generate a signal ; 
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wherein 9 1 is an arcsin of said first value, and wherein said one or more error 
values include a first error value that is a difference between said second value and said cos 0i. 



26. (Ameneded) An angle rotator for rotating an input complex number to produce a 
rotated complex number according to an input angle, said angle rotator comprising: 

a memory that stores one or more values indexed by a most significant word 
(MSW) of said input angle, including 

a first value that is an approximation of a tan 0m value, and a second value that is 
an approximation of a cos 0m value, wherein 0m is a radian angle that corresponds to said MSW 
of the input angle, and 

one or more error values that represent one or more quantization errors associated 
with at least one of said first value and said second value; 

a first digital circuit that receives a digital signal, wherein a component of said 
digital signal is represented by the input complex number, wherein said first digital circuit rotates 
said the input complex number based on said first value, resulting in an intermediate complex 
number; and 

a second digital circuit that rotates said intermediate complex number so as to 
produce at least one part of the rotated complex number, based on said one or more error values 
and said second value, resulting in the rotated complex number , wherein at least one component 
of the rotated complex number is used to generate a signal . 



35. (Amended) In a digital device, a method of rotating an arbitrary input complex 
number according to a representation of an input angle 0, the method comprising the steps of: 

(1) receiving a digital signal, wherein a component of said digital signal is 
represented by the arbitrary input complex number; 

(2) determining a first value that is an approximation of sin 0 M? and 
determining a second value that is an approximation of cos 0 M , wherein 0 M is a radian angle that 
corresponds to a most significant word (MSW) of the representation of the input angle 0; and 

(3) rotating said the arbitrary input complex number in a complex plane based 
on said first value and said second value to generate a rotated complex number; 

(4) processing a signal by the digital device, wherein said rotated complex 
number is used to generate said signal. 
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45. (Amended) In a digital device, a method of rotating an input complex number to 
produce at least one component of a rotated complex number according to an input angle 0, the 
method comprising the steps of: 

(1) receiving a digital signal, wherein a component of said digital signal is 
represented by the input complex number; 

(2) determining a first value that is an approximation of sin 9m, and 
determining a second value that is an approximation of cos 9m, wherein 0 M is a radian angle that 
corresponds to a most significant word (MSW) of the input angle 9; 

(3) rotating said the input complex number in a complex plane based on said 
first value and said second value to generate an intermediate complex number; 

(4) determining one or more error values that represent one or more 
quantization errors, including the steps of 

(a) determining a first error value that represents a difference between 
said second value and cos 9i, wherein 0i is an arcsin of said first value, and 

(b) determining a second error value that represents (9m - 9 m ), wherein 
9 m = arctan (first value/ second value); 

(5) adding said second error value to a 9l value to produce a 0/ value, wherein 
9 L is a radian angle associated with a least significant word (LS W) of said input angle 9; 

(6) generating a fine adjustment value based on 9/ and said first error value; 

(7) rotating said intermediate complex number in said complex plane to 
generate at least one component of the rotated complex number based on said 9/ value and said 
fine adjustment value; and 

(8) processing a signal by the digital device, wherein at least one component 
of the rotated complex number is used to generate said signal. 



46. (Amended) An angle rotator for rotating an input complex number to produce an 
output representing a single coordinate of a rotated complex number according to an input angle 
9, said angle rotator comprising: 

a memory that stores a first value representing tan 9m and a second value 
representing an approximation of cos 9m, wherein 9m is an approximation of said input angle 9; 
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a first digital circuit that receives a digital signal, wherein a component of said 
digital signal is represented by the input complex number, wherein said first digital circuit 
performs a first rotation on said input complex number based on said first value, resulting in an 
intermediate complex number; 

means for generating a fine adjustment value; 

a second digital circuit that performs a second rotation on said intermediate 
complex number based on said fine adjustment value to produce an output complex number; and 

a scaling circuit that scales said output complex number using said second value to 
generate the single coordinate output , wherein the single coordinate is used to generate a signal . 



48. (Amended) An angle rotator for a direct digital frequency synthesizer, for rotating a 
selected point in the complex plane according to an input angle G to generate an output 
representing a rotated complex number, said angle rotator comprising: 

a memory that stores a value representing sin 0i and a value approximating cos 0j s 
where 0i is an approximation of said input angle 0; 

a first digital circuit that obtains said value representing sin 0i from said memory 
using a value 0m to address said memory, where 0m is an approximation of said input angle 0; 

means for generating a fine adjustment value; and 

a second digital circuit that performs a rotation of a point in the complex plane 
whose coordinates are based on sin 0i and said value approximating cos 0i based on said fine 
adjustment value, to produce the output representing the rotated complex number , wherein at 
least one component of the rotated complex number is used to generate a signal . 



50. (Amended) An angle rotator for a direct digital frequency synthesizer, for rotating a 
selected point in the complex plane according to an input angle 0, to generate an output 
representing a single coordinate of a rotated complex number, said angle rotator comprising: 

a memory that stores a value representing sin Q\ and a value approximating cos 0i, 
where 0i is an approximation of said input angle 0; 

a first digital circuit that obtains said value representing sin 0j from said memory 
using a value based on 0m to address said memory, where 0 M is an approximation of said input 
angle 0; 

means for generating a fine adjustment value; 
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a second digital circuit that performs a rotation of a point in the complex plane 
whose coordinates are sin 9i and said value approximating cos 0i, based on said fine adjustment 
value, to produce one coordinate value of an output complex number; and 

a scaling circuit that scales said coordinate value of said output complex number 
using said value approximating cos 0i to generate the single coordinate outpu t, wherein the 
single coordinate output is used to generate a signal . 



52. (Amended) An angle rotator for a direct digital frequency synthesizer, for rotating a 
selected point in the complex plane according to an input angle 0, to generate an output 
representing a single coordinate of a rotated complex number, said angle rotator comprising: 

a memory that stores a value representing tan Q\ and a value approximating cos 9i, 
where 9i is an approximation of said input angle 0; 

a first digital circuit that obtains said value representing tan 9i and said value 
approximating cos 9i from said memory using a value representing 9m to address said memory, 
where 9m is an approximation of said input angle 9; 

means for generating a fine adjustment value; 

a second digital circuit that performs a rotation of the selected point in the 
complex plane by an angle approximating 9m, by using said value representing tan 9i and 
performing a second rotation of the resulting point in the complex plane, based on said fine 
adjustment value, to produce one coordinate of an output complex number; and 

a scaling circuit that scales said output complex number, using said value 
approximating cos 9i, to generate the single coordinate output , wherein the single coordinate 
output is used to generate a signal . 



53. (Amended) A digital signal processing circuit for rotating an input complex number 
to produce a rotated complex number according to an input angle 0, said circuit comprising: 

a first digital circuit that generates a normalized input angle from a value 
representing the input angle 0; 

a second digital circuit for stripping a plurality of most significant bits of said 
representation of the normalized input angle to obtain a temporary angle x; 

determining means for determining, from t, whether the normalized input angle 
represents an angle that is in an even or odd quadrant or octant; and 
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2's complement negate means for selectively negating the bits remaining after 
said stripping of most significant bits from the normalized input angle by selectively performing 
a 2's complement negate operation on said remaining bits; 

wherein a resulting angle q> is equal to temporary angle x if said input angle is in an even 
quadrant or octant, and said resulting angle cp is equal to the 2's complement negation of 
temporary angle x if said input angle is in an odd quadrant or octant. 

mean for rotating the input complex number according to the resulting angle 9 to 
produce the rotated complex number, wherein at least one component of the rotated complex 
number is used to generate a signal . 



54. (Amended) In a digital device, a A method of rotating an input complex number to 
produce an output representing a single coordinate of a rotated complex number according to an 
input angle 9, comprising the steps of: 

storing in a memory a value representing tan 9m and a value representing an 
approximation of cos 9m, wherein 9m is an approximation of said input angle 9; 

performing a first rotation on said the input complex number based on said value 
representing tan 9m, resulting in an intermediate complex number; 

generating a fine adjustment value; 

performing a second rotation on said intermediate complex number based on said 
fine adjustment value, to produce an output complex number; 

scaling said output complex number, using said approximation of cos 9m, to 
generate the single coordinate output; and 

processing a signal by the digital device, wherein the single coordinate output is 
used during said processing. 



66. (Amended) The angle rotator of claim 1, wherein said first digital circuit processes a 
digital binary representation of said the arbitrary input complex number. 



67. (Amended) The angle rotator of claim 9, wherein said first digital circuit processes a 
digital binary representation of said the arbitrary input complex number. 
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71. (Amended) The angle rotator of claim 1, wherein said first digital circuit processes a 
digital binary representation of said the input complex number, with the real part and the 
imaginary part of the input complex number each having N bits, with N > 9, and wherein said 
processing based on said sin 0 M and cos 0 M values employs binary representations of sin 0 M and 

cos 9 M in which the number of bits in the representation of the cos 0 M value is at least 1 .5 x K , 

where K is the number of bits used in the representation of the sin#^ value. 



72. (Amended) The angle rotator of claim 9, wherein said first digital circuit processes a 
digital binary representation of said the input complex number, wherein said first value has a 
precision of K bits and said second value has a precision of at least 1 .5 x K bits. 



75. (Amended) The angle rotator of claim 16, wherein said first digital circuit processes 
a digital binary representation of said the input complex number, with the real part and the 
imaginary part of the input complex number each having N bits, with N > 9, and wherein said 
processing based on said sin^ and cos0 M values employs binary representations of sin# M and 
cos 0 M in which the number of bits in the representation of the cos 0 M value is at least 1 .5 x K , 
where K is the number of bits used in the representation of the sin0 M value. 



76. (Amended) The angle rotator of claim 26, wherein said first digital circuit processes 
a digital binary representation of said the input complex number, wherein said first value has a 
precision of K bits and said second value has a precision of at least 1.5 xK bits. 



77. (Amended) The angle rotator of claim 46, wherein said first digital circuit processes 
a digital binary representation of said the input complex number, wherein said first value has a 
precision of K bits and said second value has a precision of at least 1 .5 x K bits. 



Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
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fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Chat C. Do whose telephone number is (571) 272-3721. The 
examiner can normally be reached on 7:00AM to 5:00PM M-Th. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Meng-Ai An can be reached on (571) 272-3756. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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